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FLIGHT EVALUATION OF WIDE-ANGLE, OVERLAPPING MONOCULARS 

FOR PROVIDING PILOT'S FIELD OF VISION 

By Paul L. Chenoweth and W i l l i a m  H. Dana 
Fl ight  Research Center 

SUMMARY 

A qual i ta t ive  evaluation w a s  made of t h e  effectiveness of wide-angle, 
overlapping monoculars as t h e  sole  source of outside v isua l  reference during 
takeoffs, a e r i a l  maneuvers, v i sua l  navigation, and approaches and landings i n  a 
l i g h t  observation a i r c r a f t .  
and i n  a i r  conditions which varied from no turbulence t o  severe tiwbulence. 

The evaluation w a s  made during t h e  day and a t  night 

The monoculars provided p i l o t  v i s i b i l i t y  t h a t  w a s  adequate f o r  gross 
control  of angle of p i tch  and angle of s ides l ip  and precise control  of bank 
angle. 
opt ics  gave the  p i l o t  enough information with which t o  s a t i s f a c t o r i l y  perform 
takeoffs, v i sua l  navigation, mild a e r i a l  maneuvers, and power-off approacl-es 
through the  landing f l a r e .  The system w a s  as su i tab le  f o r  outside visual  refer- 
ence during night operation as during the  day and w a s  sa t i s fac tory  for f l i g h t  i n  
l i g h t  and moderate turbulence. 

When used i n  conjunction with an altimeter and airspeed indicator,  t h e  

INTRODUCTION 

A major problem i n  the  design of o r b i t a l  vehicles i s  the  provision of 
adequate d i r e c t  v i sua l  reference f o r  t he  crew. Whereas a wide f i e l d  of view i s  
required f o r  maneuvering and landing a f t e r  reentry, the  weight of adequate view- 
port  g lass  and associated heat shielding i s  incompatible with vehicle weight 
constraints .  A possible solution t o  t h i s  problem w a s  investigated i n  a f l i g h t  
program a t  t h e  NASA Fl ight  Research Center, Edwards, C a l i f .  Wide-angle opt ics  
were mounted i n  a l i g h t  observation a i r c r a f t  t o  provide t h e  so le  source of out- 
s ide vis ion f o r  t h e  evaluating p i l o t .  Takeoffs, v i sua l  navigation, aerial 
maneuvering, and approaches and landings were performed and qua l i ta t ive ly  eval- 
uated using t h i s  apparatus f o r  v i sua l  contact.  

This paper presents t he  r e s u l t s  of t h e  aerial evaluations with the  opt ics .  
Results of preliminary ground t e s t s  are presented i n  the  appendix. 
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DESCRIPTION OF APPARATUS 

Optics 

The op t i ca l  system t e s t ed  consisted of two wide-angle, overlapping monoc- 
u l a r s .  The system w a s  developed by Farrand Optical Co., Inc., under a contract  
with the U.S. Army f o r  evaluation i n  armored vehicles.  The monoculars a r e  con- 
s t ructed as s t r a igh t  tubes, each providing a 90" c i r cu la r  f i e l d  of vis ion t h a t  
i s  l i n e a r  and of un i ty  power. The e x i t  pupil  i s  15 millimeters i n  diameter and 
located 23 mill imeters from the  f i n a l  l ens  surface.  
the  opt ica l  system. 
system a r e  presented i n  reference 1. 

Figure 1 i s  a photograph of 
The image qua l i ty  and a more complete descr ipt ion of t he  

Figure I .- Optical system. E-10652 

Airplane 

An Army 0-IA l i g h t  
observation airplane 
( f i g .  2) w a s  se lected as 
the  t e s t  vehicle because it 
required minimum s t ruc tu ra l  
modification t o  accommodate 
the op t i ca l  system. The 
a i rp lane  i s  a s ingle-  
engine, tandem-seat, high - 
wing monoplane with f l i g h t  
controls  i n  each cockpit. 

E-9549 
Figure 2. - Test  airplane. 
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Ins tallat i on 

The monoculars were mounted in the rear cockpit of the test airplane on a 
structure added specifically for their support (fig. 3). 
converge toward the evalua- 

The monocular axes 

tion pilot at an angle of 
55". This separation was 
the minimum allowed by the 
geometry of the installation 
and closely approached the 
maximum separation permitted 
by the geometry of the op- 
tics and the separation 
(60 " )  selected as optimum in 
a preliminary ground evalua- 
tion (see appendix) . 

Two inclinations of the 
optical system were investi- 
gated: level with the fuse- 
lage reference axis, as 
shown in figures 2 to 4; and 
depressed 17.5", as shown in 

E-9574 figure 5. The 17.5" depres- 
sion was the maximum allowed 
by the mounting structure. 

Figure 3.- Monocular supporting structure 
in the tes t  airplane. 

E-9573 E-I0531 

Figure 4 .- Location o f  monocular ex i t  lens 
i n  the test  airplane. 

Figure 5. - Monoculars depressed 
17.5" from fuselage 
reference axis.  
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I l l  I l l  

Figure 6.  - Details of monocular instal lation. 

An airspeed indicator (V) and 
a pressure altimeter (h) were 
mounted to the left of the pilot as 
shown in figure 7. The overlap 
(shaded area) of the two 90" view 
fields is also shown in this figure. 

The optical system was mounted 
in such a manner that the pilot's 
effective point of view was trans- 
ferred to a position just to the 
rear of the windshield post (fig. 4). 
Thus, only a small part of the air- 
craft cowling was visible through 
the monoculars. 

A sheet -rubber viewing 
hood was attached to the rear 
end of the monoculars to blank 
out the pilot's peripheral 
vision. A soft-rubber head- 
rest, which was adjusted to 
contact the pilot's forehead 
just above the eyebroirs 
(fig. 6), prevented contact of 
his head with the eyepieces 
but did not restrict up and 
down or rearward head move- 
ments. The pilot was re- 
strained in his seat by means 
of conventional seat belt and 
shoulder harnesses. 

1>( EVALUATION PROCEDURE 

Takeoffs, aerial maneuvering, 
visual navigation, approaches, and 
landings were performed by the 

Figure 7.- Field of view and pilot's display 
in the test airplane. 

evaluation pilot, using the optical 
system for all visual contact outside of the airplane. 
occupied by a safety pilot. 

The front cockpit was 

Approach patterns included conventional 180" approaches, with pattern entry 
All approaches after initial 

The 
on the downwind leg, and 360" overhead approaches. 
pilot familiarization were flown without power with the flaps extended 30". 
pattern-indicated airspeed was 61 knots; the lift-drag ratio in this configu- 
ration was approximately 7. 
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Visual navigation and aerial maneuvering were accomplished in transit to 
Peak altitude for these auxiliary airports used for the landing evaluations. 

maneuvers was 3,000 feet above the terrain; airspeeds ranged up to 100 KIAS. 

Most of the evaluation was performed during daylight, with flight condi- 
tions varying from no turbulence to severe turbulence. One mission, which 
included six landings, was performed during the hours of twilight and darkness. 

1 

RESULTS AND DISCUSSION 

The evaluation of the wide-angle optical system was based on the avail- 
ability of an existent optical system which had been developed for use in 
armored vehicles. 
extensive adjustment of their geometry relative to the airplane. 

The weight (175 lb) and bulk of the monoculars prevented 

The test airplane was selected because it afforded easy installation of the 
optics. Minimization of aircraft modification was a major objective. 

Requirement for Pilot's Display 

The first evaluation flight was made with no flight instruments available 
to the evaluation pilot. 
most rudimentary flying: 
estimation. An airspeed indicator and an altimeter were considered essential 
for the accomplishment of approaches and landings; therefore, suitable locations 
for these instruments were investigated. 

This configuration proved to be adequate for cnly the 
airspeed by "feel" of the controls and altitude by 

It was originally intended to position the airspeed indicator and altimeter 
within the field of view of one of the monoculars. 
cowling was found which would provide adequate instrument readability without 
reducing the field of view; however, time limitations and required structural 
modifications precluded installation of the instruments at this location. A 
position in the rear cockpit adjacent to the left eyepiece was accepted as a 
satisfactory compromise. Flight experience justified this decision. It was 
foqnd that the pilot could satisfactorily monitor airspeed and altitude by 
shifting his eyes without moving his head from the headrest. 

A position on the engine 

Takeoffs and Maneuvers 

Approximately 40 takeoffs were made without difficulty by the evaluation 
A l l  takeoffs were from runways or marked portions of a dry lakebed; pilot. 

hence, the pilot had good directional reference before he became airborne. Once 
airborne, both directional and pitch reference became insufficient for precise 
attitude control because the pilot's view of the forward portion of the aircraft 
was inadequate for alinement with geographical features. Pitch attitude could 
be maintained by constant cross-reference to the airspeed indicator; intelligent 
sideslip corrections could be made only when trznsverse accelerations reached a 
perceptible level. 
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Maneuvers consisting of level, climbing, and descending turns were performed 
without difficulty, but with less precision than was desired. 
be estimated within 1" or 2" at all times, but sideslip could be sensed only 
after it reached a considerable magnitude. 
maintain constant airspeed in climbs or descents by attitude reference only; 
constant-speed maneuvers could be accomplished only by continual cross-reference 
to the airspeed indicator. 1 

Bank angle could 

Pitch reference was not sufficient to 

Navigation 

Every flight required some local-area navigation. The optics were entirely 
satisfactory for this task; forward and side vision were sufficient for locating 
the geographical features required for precise navigation. For retaining the 
view of terrain features passing directly beneath the aircraft, the optics com- 
pared favorably with the direct vision available from present-day cockpits. 

Approaches 

Initial traffic patterns were conventional 1-80' patterns entered from a 
downwind leg. 
ability. 
start of the 180" final turn, the turn had to be started by estimation or by use 
of geographical features. 
1,500 feet and tended to be beyond the intended touchdown point as a result of 
%he pilot I s apprehension about landing "short" and his concomitant overcorrec- 
tion. 

The downwind-leg position could be estimated with good repeat- 
Because the approach end of the runway disappeared from view before the 

Touchdown dispersion using 180" patterns averaged 

Maximum touchdown error was approximately 2,500 feet. 

Overhead approaches of 360" were used with good results. Because of the 
reduced field of view through the optics, the high key, o r  overhead point, could 
not be located precisely. It was, therefore, determined by use of the side 
windows in the airplane. 
contributing to touchdown dispersion. With this outside-the-optics assistance 
in locating the high-key point, the remainder of the pattern could be flown using 
only the optics and terminated in a touchdown with an average dispersion of less 
than 1,000 feet. 

This procedure reduced by one the number of variables 

Maximum touchdown error for 360" approaches was 1,500 feet. 

Landings 

Thirty-eight landings on hard-surfaced runways or marked portions of a dry 

Two approaches resulted in waveoffs prior to touchdown: 
lakebed were attempted by the evaluation pilot using the optical system as the 
sole visual reference. 
one waveoff was due to the pilot's poor estimation of pattern position, which 
resulted in excessive altitude on the final approach; the other waveoff occurred 
after the flare when the evaluation pilot misunderstood the safety pilot. 
other landings required assistance from the safety pilot in the form of added 
power, pitch control, or directional control of the airplane after landing. All 
of the landings requiring this assistance occurred early in the evaluation. 
at least three other landings, which were made in crosswinds, the safety pilot 

Six 

On 
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applied l a t e r a l  control  a t  touchdown t o  prevent landing i n  a banked a t t i t ude ,  
bu t  allowed the  evaluation p i l o t  t o  make t h e  f l a r e  and t o  control p i tch  a t t i t u d e  
a t  touchdown. 
ass is tance and with generally increasing proficiency. 

All other landings were made by the  evaluation p i l o t  without 

The p i l o t  a t  no t i m e  had d i f f i c u l t y  judging when t o  i n i t i a t e  t h e  f lare.  
1 Knowledge of t he  s i ze  of runway markings provided adequate cues. 

Loss of height information occurred after the  f l a r e .  On a l l  daylight 
landings, it w a s  impossible t o  judge height when j u s t  above the  runway. Thus, 
there  remained no recourse but t o  es tab l i sh  a landing a t t i t u d e  and accept w h a t -  
ever r a t e  of sink occurred a t  touchdown. Touchdown dispersion about selected 
landing points, discussed i n  the  preceding section, w a s  determined by p i l o t  tech- 
nique and judgment during the approach pa t te rn  and w a s  r e l a t ive ly  independent of 
t he  landing technique. 

The reason f o r  the  l o s s  of height information after the  flare w a s  not 
de f in i t e ly  determined. Two probable causes were: 
runway texture  w a s  not avai lable  t o  the  p i l o t  because the  airplane cowling 
masked a major portion of t h e  monocular overlap area, and (2) normal peripheral  
vis ion w a s  not avai lable  t o  the  p i l o t .  

(1) biopt ic  vis ion of t he  

Night Flying 

One f l i g h t  w a s  made during the  hours of twil ight  and darkness. Navigation 
and maneuvering using the  monoculars were as sa t i s fac tory  during these hours as 
during the  day. Landings were superior t o  those performed i n  daylight, primar- 
i l y  as a r e s u l t  of a red an t i co l l i s ion  beacon on the  keel  of the tes t  airplane. 
A f t e r  the  f l a r e  w a s  performed, t he  height of t he  airplane could be accurately 
gaged by the  in t ens i ty  of the  re f lec t ion  of the  beacon off t he  runway. I n t e l l i -  
gent corrections of f l i g h t  path could thus be made a f t e r  the  f l a r e  and p r io r  t o  , 

touchdown . 
Landings were performed with and without the use of a i rplane landing 

l i g h t s .  The landing l i g h t s  did not noticeably improve nor de t rac t  from the  
p i l o t ' s  a b i l i t y  t o  perform landings. 

A s  t h e  ai rplane passed runway l i g h t s  on landing or rol lout ,  moving re f lec-  
t i ons  of t he  l i g h t s  appeared i n  the  opt ics  similar t o  the  re f lec t ions  t h a t  
appear on the  windshield of an a i r c r a f t  during a night landing. These re f lec-  
t i ons  were objectionable during the  first one or two landings, but  were readi ly  
adjusted t o  and were not noticed by the  p i l o t  during subsequent Landings. 

Some l i g h t  l o s s  through the  opt ics  w a s  perceptible but  w a s  not objection- 
able.  

Several color  aberrations were noted. Incandescent l i g h t  appeared t o  be 
pale yellow instead of white, with a blue "eyebrow" above o r  below t h e  l i g h t .  
Green l i g h t  had a s l i g h t  blue cas t  and, conversely, blue l i g h t  appeared par- 
t i a l l y  green. No red aberrat ion w a s  noted. 
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Effect of A i r  Turbulence 

Fl ight  conditions varied from no turbulence t o  severe turbulence. Most of 
t h e  f lying w a s  accomplished i n  l i g h t  or moderate turbulence. 
t ions,  t h e  large exit pupi l  diameter (l5mm) provided f o r  suf f ic ien t  head move- 
ment, so  t h a t  the  f i e l d  of view w a s  never r e s t r i c t ed  more than momentarily. 

Under these condi- 

On one mission it w a s  intended t o  perform landings a t  an a i rpo r t  experi- 
encing high, gusty winds (25 knots with gusts  t o  35 knots).  The approach 
attempted w a s  aborted long before touchdown because the  severe turbulence and 
severe gusts  threatened safe accomplishment of a landing even by d i r ec t  v i sua l  
contact.  Under these conditions of turbulence, there  w a s  considerable l o s s  of 
v i e w  through the  opt ics  as a r e s u l t  of head movement. This loss w a s  not i n t o l -  
erable, however, and w a s  not a consideration i n  t h e  decision t o  abort  t he  
approach. 

Effect  of Optic Incl inat ion 

There w a s  no discernible  difference i n  t h e  p i l o t ' s  a b i l i t y  t o  accomplish 
the  pattern,  flare, o r  landing with e i t h e r  of the  optic depression angles 
evaluated--parallel  with fuselage reference axis,  and depressed 17.5". The 
l e v e l  op t ics  presented a more normal view f o r  l e v e l  f l i g h t .  
offset ,  however, by the  l a rge r  area of t e r r a i n  v i s ib l e  through the  depressed 
optics,  which presented more information f o r  use i n  navigation. 

This advantage w a s  

Limitations of t he  T e s t  Airplane 

The t e s t  a i rplane w a s  selected because of ease of i n s t a l l a t ion  of t he  
opt ics .  L i t t l e  e l s e  recommended t h e  vehicle f o r  a landing evaluation. Because 
the  main landing gear i s  located forward of the  airplane center of gravity, any 
landing a t  l e s s  than a three-point p i tch  a t t i t u d e  results i n  a bounce i f  s ink 
r a t e  i s  appreciable a t  touchdown. Inherent d i rec t iona l  i n s t a b i l i t y  after touch- 
down requires d i l i gen t  p i l o t  a t ten t ion .  The airplane exhibi ts  t he  adverse 
dynamic e f f ec t s  typ ica l  of single-engine reciprocating airplanes (power e f fec ts )  
and a l s o  exhibi ts  adverse yaw due t o  a i le ron  def lect ion.  These d i rec t iona l  
i n s t a b i l i t i e s  were magnified i n  t h e  opt ics  evaluation by the  d i f f i c u l t y  of 
v i sua l ly  sensing s ides l ip  when using the  opt ics  and by the  omission of t he  side- 
s l i p  indicator  from the  evaluation p i l o t ' s  display.  This lack of s ides l ip  indi-  
cat ion of ten resul ted i n  a "crabbed" touchdown (pa r t i cu la r ly  with a crosswind), 
which fur ther  increased the  d i rec t iona l  i n s t a b i l i t y  of t he  airplane a f t e r  
landing. A s ides l ip  indicator  i n  t h e  p i l o t ' s  display probably would have im-  
proved t h e  precision of a i r c r a f t  control.  

CONCLUSIONS 

Fl ight  tests of wide-angle, overlapping monoculars as the  p i l o t ' s  so le  
source of outside v isua l  reference i n  a l i g h t  observation airplane resul ted i n  
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t he  following conclusions: 

1. The monoculars provided adequate v isua l  reference f o r  gross control  of 
p i t ch  and s ides l ip  angles and f o r  precise control  of bank angle. 

,' 2. When used i n  conjunction with an a l t imeter  and airspeed indicator,  t he  
monoculars provided the  p i l o t  with adequate information t o  s a t i s f a c t o r i l y  per- 
form takeoffs, v i sua l  navigation, mild a e r i a l  maneuvers, and power-off 
approaches through t h e  landing f l a r e .  Inclusion of a s ides l ip  indicator  i n  t h e  
p i l o t ' s  display would probably have improved the  precision of a i r c r a f t  control.  

c 

3. Loss of height information after the  flare did not preclude accomplish- 
ment of landings. It did, however, allow considerable var ia t ion i n  r a t e  of s ink 
a t  touchdown and noticeably reduced the  precision with which the  landings were 
accomplished. 

4. The monoculars were as su i tab le  f o r  outside v isua l  reference during night 
operation as during the  day. Reflection off t he  runway of l i g h t  from an a n t i -  
co l l i s ion  beacon on the  keel of t h e  t e s t  a i rplane provided height information 
a f t e r  f l a r e  during night landings. 
precision than during the  day. 

Thus, landings were made a t  night with more 

5 .  The e x i t  pupi l  diameter (15") of the  opt ics  w a s  suf f ic ien t  t o  accommo- 
date  the  p i l o t ' s  head movement during f l i g h t  i n  l i g h t  and moderate turbulence 
without loss of f i e l d  of vision, but  w a s  only marginally suf f ic ien t  f o r  f l i g h t  
i n  severe turbulence. 

6 .  There w a s  no discernible  difference i n  the  p i l o t ' s  capabi l i ty  t o  accom- 
p l i sh  the  pattern,  f l a r e ,  and landing with the  opt ics  pa ra l l e l  t o  the fuselage 
reference ax i s  or depressed 17.5". 
t he  depressed optics,  which presented more information f o r  use i n  navigation. 

A la rger  area of t e r r a i n  w a s  v i s ib l e  through 

FUCOMMENDATIONS FOR FURTHER RESEARCH 

Further research i n t o  the  use of wide-angle opt ics  i n  a i r c r a f t  could pro- 
vide a concrete contribution t o  reentry-vehicle design. For l i f t ing  reentry 
vehicle research, t he  most obvious follow-on program would be the  i n s t a l l a t i o n  
of wide-angle opt ics  i n  a high-performance j e t  a i r c r a f t ,  preferably a f igh te r  
airplane.  This i n s t a l l a t i o n  would determine the  u t i l i t y  of wide-angle opt ics  
f o r  landing from a high-rate-of-sink, low-lift-drag-ratio descent. 

The design of the  opt ica l  system evaluated herein lends i tself  t o  in jec t ion  
of p i l o t  information i n t o  the  opt ics  by means of l i g h t  projected onto a par- 
t i a l l y  s i lvered mirror placed i n  t h e  collimated portion of the  opt ica l  path. 
Such control  information superimposed i n  t h e  f i e l d  of view of t h e  opt ica l  system 
should be evaluated, and p i l o t  performance when using t h i s  control  information 
display and when using conventional displays should be compared. 
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As noted previously, during night landings, reflection off the runway of 
light from an anticollision beacon on the keel of the test airplane provided 
height information after flare, thus allowing intelligent pitch corrections to 
be made all the way to touchdown. No such "crutch" was available for daylight 
landings. 
plane should be investigated as a height reference for daylight landings. 

A high-intensity discharge light installed on the keel of a test air- 

Study of optical-system applications to nonlifting orbital vehicles is also 
needed. Installation of appropriate optics in a helicopter could provide design 
information for rocket-assisted-landing vehicles, such as moon-landing craft. 

Flight Re searc h Center, 
National Aeronautics and Space Administration, 

Edwards, Calif., January 16, 1964. 
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PFBLIMINARY GROUND EVALUATION OF WIDE-ANGLE, OVERLAPPING MONOCULARS 

Prior to a flight evaluation of the optical system, a preliminary ground 
study was conducted with monoculars made available by the U.S. Army Frankford 
Arsend (ref. 1) . The primary purpose of the investigation was to verify the 
manufacturer's specifications regarding field of vision and image presentation 
and to evaluate the suitability of the optics for use in an aircraft. 
optical device was investigated in a target-detection problem on a ground 
vehicle. 

The 

DESCRIPTION AND PROCEDURF: 

The monoculars were mounted on the cowl of a standard Willys Jeep (figs. 8 
A rubber hood at the viewer's end of the monoculars compelled the and 9) . 

driver to use the telescopes exclusively for maneuvering. A rubber headrest was 
used to eliminate virtually all motion 
between the driver and the telescopes 
and to enable him to maintain the de- 
sired eye-relief distance. By moving 
his head downward, he could monitor the 
speedometer and gyro compass mounted on 
a panel in front of him. 

6 
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E-8566 

Figure 8 .- Top view of jeep 
installation. 

Figure 9.-  Rear view of jeep 
installation. 

E-8565 
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Tests were conducted using various angular separations of the optical axes. 
The course laid out for the ground evaluation was a 2,500-foot square on Rogers 
Dry Lake at Edwards, Calif. (fig. 10) . 
placed at set distances from, and angles to, the established course. The course 
was designed to test the field of vision, the image presentation, and the effects 
of different lighting conditions, ground surface conditions, and background con- 
trast, as well as the driver's ability to maintain constant speed and heading 
while making observations. 

Targets for the tests were numerals 

The driver was requested to keep the vehicle speed at a constant 20 mph 
around the precisely surveyed course, with the aid of a speedometer and gyro com- 
pass. 
advise the observers when the numbers disappeared from his field of view. 

He was to identify the numerals as soon as perceived and to immediately 

/ 

t 
N 
I *----I 

0 Small sign (24 in. by 24 in.) 

0 Large sign (30 in. by 30 in.) 

@ Point at which number becomes visible 

@ Point at which number can no longer be 
seen 

Figure 10.- Test course layout for the ground evaluation. All  dimen- 
sions in feet unless otherwise specified. 
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SUMMARY OF RESULTS 

The in te rpupi l la ry  separation and eye-relief distance were found t o  
I d i r e c t l y  a f f e c t  t he  f i e l d  of v i e w .  Therefore, each dr iver  w a s  permitted t o  make 

necessary aajustments t o  f i t  h i s  individual anatomy. 

No d i s to r t ion  or color  aberrat ion could be detected; however, blurred and 
double vis ion a t  close range were noted i n  the  overlap area.  

A ful l  140" horizontal  f i e l d  of view w a s  obtained with the  opt ica l  axes s e t  
a t  an angular separation of 50". This f i e l d  of v i e w  w a s  increased or decreased 
by making corresponding changes i n  the  angular separation of t he  monocular axes. 
The dr ivers  indicated a de f in i t e  preference f o r  a wide (as grea t  as 60") angular 
separation. 

Drivers '  comments indicated t h a t  the  opt ica l  system compared favorably with 
the  naked eye i n  providing maneuvering capabili ty,  and t h a t  there  w a s  no d i f f i -  
cu l ty  i n  identifying numerals while monitoring speed and heading. 

I n  general, t he  dr ivers  were confident t h a t  an a i r c r a f t  could be maneuvered 
and landed i f  equipped with an opt ica l  configuration such as evaluated i n  t h i s  
preliminary ground program. 
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